Golden pompano (Trachinotus ovatus) is an important economically fish species. In this study, with an aim to identify reliable reference genes for quantitative real-time PCR (qRT-PCR) in golden pompano, we evaluated the expression stability of eight housekeeping genes in the presence and absence of poly I:C stimulation in eight tissues. The PCR data was analyzed by geNorm and NormFinder algorithms. The results showed that the expression of all the examined genes exhibited tissue-dependent variations. When under normal physiological condition, geNorm and NormFinder identified B2M and 18S as suitable genes. When studying gene expression under conditions of poly
detect the mRNA at a very low abundance (Heid et al. 1996 , Haller et al. 2004 , Ransbotyn and Reusch 2006 , Yoo et al. 2009 ). It has become an important tool to analyze gene expression, as often used in the transcriptional regulations in aquatic science. However, it has been reported that the expression of some internal reference genes is not stable under some experimental conditions (Selvey et al. 2001 , Liu et al. 2005 . Many studies have shown that the expressions of the internal reference genes are affected by many external factors. No expression of an internal reference gene is always stable and the expression of the internal reference gene varies depending on the experimental conditions. Therefore, selecting the appropriate internal reference gene under some specific condition is most important (Radonic et al. 2004 , Huggett et al. 2005 .
Golden pompano (Trachinotus ovatus) belongs to family Carangidae, Perciformes, and genus Trachinotus (Tutman et al. 2004) . It is an important economic species in China, Japan, Australia, and other countries (Zhou et al. 2014) . Trachinotus ovatus (T. ovatus), as a carnivorous fish, feeds on some small fish, crustaceans, shellfish, and zooplankton (Liu and Chen 2009) . In recent years, golden pompano industries developed rapidly and it became the main species of cage culture. Along with the expansion, T. ovatus aquaculture industries worldwide have suffered viral diseases outbreaks what caused serious economic losses (Xu et al. 2010 , Su et al. 2015 . Recently, qRT-PCR has become a widely used method of investigating gene expression in golden pompano. But, no study on normalization strategy has been documented.
In this report, we aim to select the most stable reference genes for accurate application in real-time quantitative PCR (qRT-PCR) analysis in the presence and absence of poly I:C stimulation in Trachinotus ovatus. Eight commonly used housekeeping genes, including beta-actin (Actin), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 18S ribosomal RNA (18S), β-2-Microglobulin (B2M), elongation factor-1-α (EF1A), ubiquitin-conjugating enzyme E2 (UBCE), tubulin tyrosine ligase-like family member 1 (TTLL1) and ribosomal protein L13 (RPL13) were chosen to analyze the expression stability with qRT-PCR in different tissues under different experimental conditions with two independent normalization algorithms, geNorm and NormFinder, which were widely used for normalization of qRT-PCR data (Olsvik et al. 2008 , Penna et al. 2011 . Moreover, this is the first time to select the best internal genes after stimulating golden pompano with poly I:C and the results will provide an useful guidance of internal controls in future RT-qPCR studies in this species.
Materials and Methods

Fish
Golden pompano (Trachinotus ovatus) fish were purchased from a commercial fish farm in Hainan Province, China, and maintained at 26 o C in aerated running seawater and were acclimatized in the laboratory for one week. Before using for any experiment, fish were randomly sampled for confirming healthe as reported previously (Zhou et al. 2015) and were euthanized by tricaine methanesulfonate (Sigma, St. Louis, MO, USA) before collection of the tissues.
poly I:C stimulation and tissues collection
Golden pompano (average weight, 13.8 g ± 0.5 g) were randomly divided into two groups, A and B, twenty fish in each group. Group A was stimulated with 100 μl of poly I:C (InvivoGen, USA, 1 mg/ml), while group B was injected with PBS. Five fish from each group were sacrificed with tricaine methanesulfonate and tissues, i.e., spleen, head kidney, liver, gill, intestine, brain, muscle, and heart), were collected under aseptic conditions at 12h and 48h post-treatment, respectively. Sample tissues were pooled together at equal amounts and frozen in liquid nitrogen. All experiments were independently performed three times.
RNA extraction and cDNA library construction
Total RNA was extracted from all collected tissues (including spleen, head kidney, liver, gill, intestine, brain, muscle and heart) and first-strand cDNA was synthesized with PrimeScript TM 1st Strand cDNA Sythesis Kit (Takara, Dalian, China) as reported previously .
Primer design and PCR efficiency
Eight housekeeping genes, i.e., beta-actin (Actin), Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 18S ribosomal RNA (18S), β-2-Microglobulin (B2M), Ubiquitin-conjugating enzyme E2 Elongation factor-1-α (EF1A), Ubiquitin-conjugating enzyme E2 (UBCE), Tubulin tyrosine ligase-like family, member 1 (TTLL1), and Ribosomal protein L13 (RPL13) ( Table 1) , were selected. The specific primers were shown in Table 2 . PCR efficiency (E) and correlation coefficient (R2) were determed in the standard curves generated. The efficiency was 
Data analysis
The PCR data were analyzed using geNorm (version 3.5) and NormFinder algorithms (Vandesompele et al. 2002 , Andersen et al. 2004 .
Results
Expression levels of selected housekeeping genes in golden pompano tissues under normal physiological conditions
The results of PCR efficiency (E) and correlation coefficient (R2) of the eight candidate reference genes, i.e., Actin, GAPDH, 18S, B2M, EF1A, UBCE, TTLL1, and RPL13, were ranging from 95% to 103% and from 0.993 to 0.999 ( Fig. 1 . GeNorm analysis of the expression of the housekeeping genes in golden pompano tissues under normal physiological condition. The expressions of the housekeeping genes in Trachinotus ovatus tissues (spleen, head kidney, liver, gill, intestine, brain, muscle, and heart) were determined by qRT-PCR and the data were analyzed with geNorm to calculate the expression stability (M) of the genes. Expression stability of selected housekeeping genes in golden pompano tissues under normal physiological condition geNorm and NormFinder were used to determine the expression stability of the tested genes. geNorm analysis indicated that 18S and B2M were the most stable genes across tissues types with the lowest M values in the examined tissues (Fig. 1) under normal condition. RPL13, UBCE, Actin, EF1A, GADPH and TTLL1 were ranked in a decreasing stability order. Similarly, NormFinder showed B2M as the most stable gene and TTLL1 as the least stable one (Table 3) .
Expression levels of selected housekeeping genes under poly I:C stimulation
During poly I:C stimulation, the expression levels of the eight housekeeping genes were shown in Tables  3 and 4 . 12 h after poly I:C stimulation, GAPDH showed a maximum Ct variation of 5.4 in brain (Table  S1 ). The Ct variations observed in the expression of Actin, B2M, EF1A, UBCE, TTLL1, and RPL13 were 4.4, 3.7, 3.5, 3.4, 2.8, and 2.8, respectively. 18S showed comparable and the smallest changes under poly I:C stimulation, with Ct varying from 0.1 to 2.1. 48 h after poly I:C stimulation, Ct variation of GAPDH in heart was 7.3, being the highest one (Table S2) .
Expression stability of selected housekeeping genes under poly I:C stimulation determined by geNorm and NormFinder
Analysis by geNorm geNorm analysis indicated that the M values of all the genes in the eight examined tissues, except for that of GAPDH in spleen, gill and heart, TTLL1 in brain and RPL13 in liver, varied between 0.01 and 1.49, which were lower than the expression stability threshold (1.5) proposed by geNorm (Fig. 2, 3 ). 12 h after stimulation, B2M together with Actin, UBCE, RPL13, UBCE, or TTLL1 exhibited the lowest M values in spleen, kidney, intestine, brain, and muscle, so they were recognized as the most stable genes ( Fig. 2A, B , E to G). In liver and gill, Actin and UBCE were identified as the most stable pairs of genes (Fig. 2C, D) . In heart, UBCE/GADPH, was identified as the most stable pairs of genes (Fig. 2H) . 48 h post-infection, the most stable genes in spleen, kidney, intestine, and brain were B2M/RPL13, while those in liver, gill, muscle, and heart were, respectively, UBCE/TTLL1, EF1A/Actin, Actin/GAPDH, and TTLL1/RPL13 (Fig. 3) .
To determine the optimal number of genes required for data normalization, pair wise variation (V) between two sequential normalization factors containing an increasing number of genes was determined. The results showed that at 12 h post-treatment, the V2/3 values were lower than 0.15 in all the examined tissues (Fig. 4) . At 48 h post-treatment, the V2/3 values were all lower than 0.15 for expressions in liver, kidney, spleen, heart, muscle, intestine, and brain (Fig. S1) ; therefore for gene expression in these tissues, two reference genes will suffice for reliable normalization. For expression in gill, the V2/3 value was 0.217, while the V3/4 value (0.132) was lower than 0.15 (Fig. S1) , suggesting that the third most stable gene, i.e., RPL13, should be included in the normalization factor. 
Analysis By NormFinder
12 h after stimulation, according to the expressions in spleen, kidney, gil, intestine, muscle, heart, NormFinder produced the ranking orders (Table 6) and the results were similar as obtained by geNorm, with consensus identifications of the most stable genes. For expressions in liver and brain, geNorm identified Actin/UBCE and UBCE/B2M, respectively, as the best pairs of reference genes, while NormFinder differed from geNorm by ranking B2M and 18S/TTLL1, respectively, as the best reference genes. However, NormFinder recognized B2M and 18S/TTLL1 as the second best reference genes in liver and brain, respectively. 48 h after poly I:C stimulation, for the expressions in kidney, gill, brain, heart, and intestine, the ranking orders produced by NormFinder (Table 4 ) was similar to those produced by geNorm, with consensus identifications of the most stable genes. The most stable genes ranked by NormFinder (Table 5) were identical to those ranked by geNorm. For expressions in spleen, liver, and muscle, geNorm identified RPL13/B2M, UBCE/TTLL1 and GAPDH/Actin, respectively, as the best pairs of reference genes, while NormFinder differed from geNorm by ranking GAPDH, B2M and EF1A/TTLL1, respectively, as the best reference genes. However, NormFinder recognized GAPDH, B2M and EF1A/TTLL1 as the second best reference genes in spleen, liver, and muscle, respectively.
Discussion
At present, a lot of related statistical software have been developed to select the most optimal candidate genes for qRT-PCR, such as geNorm, NormFinder, bestKeeper (Vandesompele et al. 2002 , Andersen et al. 2004 , Pfaffl et al. 2004 , and so on. In our study, we selected eight housekeeping genes, including beta-actin (Actin), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 18S ribosomal RNA (18S), β-2-Microglobulin (B2M), elongation factor-1-α (EF1A), ubiquitin-conjugating enzyme E2 (UBCE), tubulin tyrosine ligase-like family member 1 (TTLL1) and ribosomal protein L13 (RPL13), which are commonly used in many other species as internal reference genes for qRT-PCR. Analysis by geNorm and NormFinder aim to find the most stable reference genes in golden pompano. geNorm selected multiple internal controls to generate a normalization factor utilized in qRT-PCR analysis, while NormFinder identifies the optimal reference gene according to expression stability of the candidate genes (Andersen et al. 2004) .
In this study, we found that both in the absence and presence of poly I:C stimulation, all the eight selected genes exhibited tissue-specific expression. This is similar to the housekeeping genes, i.e., ACTB, 18S, GAPDH, UBCE and B2M, which display tissue-specific expression in zebrafish (Danio rerio) and red drum (Sciaenops ocellatus) (McCurley and Callard 2008, Sun and Hu 2015) . In our study, geNorm analysis showed that under normal condition, 18S and B2M displayed the lowest M values, hence are the most stable genes. The results identified by NormFinder were in line with the prediction obtained with geNorm, thus, B2M and 18S were exhibited as the most stably housekeeping genes under normal physiological condition. As reported in many other studies, under different experimental conditions, different tissues and different growth stage, the most stably housekeeping gene is different (Filby and Tyler 2007 , Fernandes et al. 2008 , Infante et al. 2008 , Zhong et al. 2008 , Bower and Johnston 2009 , Li et al. 2010 , Rverg4rd et al. 2010 , Dang and Sun 2011 , Lrvoll et al. 2011 , Zheng and Sun 2011 . For example, in red drum under conditions of bacterial infection, RPS35, ACTB, EF1A, ND1, TUBB, EF1A, ACTB and ACTB were analyzed as the ideal internal references in brain, gill, heart, intestine, kidney, liver, muscle and spleen, respectively (Sun and Hu 2015) . In rock bream, similarly for most tissues, the optimum genes are different under conditions of bacterial and viral infections (Zhang et al. 2014 ). In our study, 12h after poly I:C stimulation, geNorm identified Actin/B2M, B2M/UBCE, Actin/ /UBCE, Actin/UBCE, B2M/RPL13, B2M/UBCE, B2M/TTLL1 and UBCE/GAPDH as the most stable genes in spleen, kidney, liver, gill, intestine, brain, muscle and heart, respectively; while 48h after poly I:C stimulation, geNorm identified B2M/RPL13, B2M/RPL13, UBCE/TTLL1, Actin/EF1A, B2M/ /RPL13, B2M/RPL13, Actin/GAPDH and TTLL1/ RPL13, as the most stable genes in spleen, kidney, liver, gill, intestine, brain, muscle and heart, respectively. Thus, the most stable genes in spleen, kidney, liver, gill, intestine and brain were B2M, B2M, UBCE, Actin, B2M/RPL13 and B2M, respectively. In line with the results obtained with NormFinder, the most stable genes were the same as the results obtained with geNorm.
Currently, a number of methods to identify the most suitable reference genes for real time PCR study are available. To improve the accuracy of evaluation, using two or more of these methods is an effective way. So, in this study, we used geNorm and NormFinder to identify the optimal reference gene of golden pompano under normal physiological condition and after poly I:C stimulation. When under normal physiological condition, B2M and 18S may be the suitable genes. When studying gene expression under conditions of poly I:C stimulation, the selection of the internal controls should be chosen on a tissue basis. However, if one gene is preferred, B2M, B2M, UBCE, Actin, B2M/RPL13, B2M, B2M and RPL13 may be used in spleen, kidney, liver, gill, intestine, brain, muscle, and heart of golden pompano, respectively.
